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Impact of Familial Hypertrophic Cardiomyopathy-Linked Mutations in
the N-Terminus of the Myosin Regulatory Light Chain on the Calcium
Based Motility
Gerrie P. Farman1, Priya Mutha2, Katarzyna Kazmierczak2,
Danuta Szczesna-Cordary2, Jeffery R. Moore1.
1Physiology and Biophysics, Boston University, Boston, MA, USA,
2Molecular & Cellular Pharmacology, Miami University, Miami, FL, USA.
Calcium binding to the Regulatory Light Chain (RLC) has been shown to alter
the structure and function of isolated RLC and when it is bound to the myosin
heavy chain (MHC) in muscle. Furthermore, mutations associated with hyper-
trophic cardiomyopathy (FHC) have been shown to modify the affinity of the
RLC for calcium binding (Szczesna et al., 2001). Here we studied the effect
of calcium binding to the three N-terminal RLC mutants associated with
FHC on the b-myosin mechano-chemistry using in vitro motility assays. To
generate mutant b-myosin, native pig RLC was depleted from porcine cardiac
MHC and reconstituted with the human cardiac WT (wild-type) or mutant
(A13T, F18L & E22K) RLC.We measured the actin-activated myosin ATPase,
actin sliding velocity and rotational stiffness of the mutant vs. WT myosin. Our
results demonstrate that as pCa levels increased from 10 to 5.5, WT sliding ve-
locity increased ~20% while two of the mutants (A13T and E22K) decreased
~10% respectively. Further increase in calcium to pCa 4 restored sliding veloc-
ity of all strains of RLC toward values observed at pCa 10. In contrast the actin-
activated myosin ATPase of WT was lower ~20% as calcium was increased
from pCa 10 to 5.5 while that of A13T and E22K was increased by ~5.5%.
The velocity-pCa relationship concurs with the previously reported decreased
calcium affinity values of the mutant RLC vs. WT (Szczesna et al., 2001).
These results suggest that calcium binding to the RLC in the b-myosin can
affect its contractile activity. The function of RLC as a calcium sensor allowing
the heads to respond to the initial phases of activation and a greater strong cross
bridge formation is largely compromised by FHC-linked RLC mutations.
182-Plat
Phosphorylation Modulates the Dynamics of the N-Terminal Tail in Car-
diac RLC
Arianna Fornili, Elena Rostkova, Franca Fraternali, Mark Pfuhl.
Randall Division of Cell and Molecular Biophysics, King’s College London,
London, United Kingdom.
Background: Phosphorylation of the Regulatory Light Chain (RLC) in cardiac
myosin has been shown to be critical for the normal heart performance. In partic-
ular, different cardiomyopathy-related mutations have been found to be associ-
ated with decreased levels of RLC phosphorylation. RLC is part of the myosin
lever arm,whose power stroke is the result of the amplification of conformational
changes occurring in themotor domain during the contractile cycle. Several find-
ings indicate that RLC phosphorylation can have significant effects on myosin
mechanics. However, the associated molecular events are still unknown.
Methods and Results: Here, we use computational methods to model the
dynamics of human cardiac RLC bound to a fragment of myosin heavy chain
(MyBS). Molecular Dynamics simulations are used to explore the space of
conformations accessible to the N-terminal tail, which contains the RLC phos-
phorylation site. The conformational free energy landscape is reconstructed and
the dynamic behaviour is analysed in terms of probability distributions of key
residues of the tail around RLC and MyBS. Remarkably, simulations of phos-
phorylated RLC show significantly modified tail distributions, associated with a
shifting in the population of the preferred tail conformations.
Results from simulations are compared with experimental NMR data and the
effects of mutations implicated in the pathogenesis of hypertrophic cardiomy-
opathy (HCM) are discussed.
Conclusions: Molecular Dynamics simulations of cardiac RLC reveal
phosphorylation-induced changes in the dynamics of the N-terminal tail and
in its interaction with the rest of the molecule. These modifications can poten-
tially regulate the interactions between RLC and other myosin components and
interactors.
This research is supported by the British Heart Foundation.
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Familial Hypertrophic Cardiomyopathy-Linked Mutation (K104E) in the
Myosin Regulatory Light Chain Affects Sarcomeric Structure and Func-
tion in Tg-Mice
Wenrui Huang1, Jingsheng Liang1, Katarzyna Kazmierczak1, Priya Muthu1,
Chen-Ching Yuan1, Ana I. Rojas1, Divya Duggal2, Julian Borejdo2,
Thomas C. Irving3, Danuta Szczesna-Cordary1.
1University of Miami, Miami, FL, USA, 2University of North Texas Health
Science Center, Fort Worth, TX, USA, 3Illinois Institution of Techonology,
Chicago, IL, USA.Structural and functional effects of the familial hypertrophic cardiomyopathy
(FHC)-linked mutation (Lysine 104-to-Glutamic Acid, K104E) in the human
ventricular regulatory light chain (RLC) were studied in transgenic (Tg) mice.
Small angle X-ray diffractionmeasurements on freshly skinned papillary muscle
fibers demonstrated a mutation-induced increase in the interfilament lattice
spacing at both short (2.3 mm) and long (2.5 mm) sarcomere lengths (SL)
compared with Tg-WT. The intensity ratio (I1,1/I1,0) in WT fibers increased
upon stretch (from SL=2.3 to SL=2.5 mm) indicating a shift in the cross-bridge
mass distribution toward the thin filaments. In contrary, theK104E fibers demon-
strated no change in I1,1/I1,0 on stretch. In line with X-ray data, K104E fibers
developed higher passive tension at pCa 8 when consecutively stretched by
10%, 20%, 30% and 40% of their length compared to WT. Furthermore, the
K104E mutation significantly decreased the endogenous RLC phosphorylation
(~2-fold) compared to WT myocardium. Histopathological changes included
signs of hypertrophy and severe fibrotic lesions in Tg-K104E hearts. The higher
mitochondrial content seen in the left ventricles of K104E mice by electron
microscopy was supported by significantly increased myosin ATPase activity
in Tg-K104E mice indicating higher energy demand and ATP consumption by
the mutant hearts. Studies using single molecule detection demonstrated signif-
icantly decreased cross-bridge dissociation rates with lower duty cycle (indica-
tive of lower force production) in Tg-K104E cardiac myofibrils compared to
WT. Our results in Tg-K104E mice demonstrated cardiomyocyte hypertrophy
and fibrosis, and significant alterations in sarcomere structure and function.
Morphological abnormalities, increased passive stiffness and a slower cross
bridge dissociation rate inTg-K104Emicemirror the diastolic dysfunction pheno-
type observed in K104E positive patients. Supported by AHA12PRE12030412
(to WH), and NIH HL-071778 and HL-108343 (to DSC).
Symposium: Cellular Stress, Protein Folding, and
Disease
184-Symp
Spectroscopic Studies ofMembraneProteinFolding:Changes inHydration
Judy Kim.
University of California, San Diego, La Jolla, CA, USA.
We have investigated the folding reaction of a model beta-barrel membrane
protein, OmpA, using vibrational and electronic spectroscopy. Our primary
focus is to interrogate changes in hydration during insertion and folding of
the protein into the bilayer. The results suggest that expulsion of water and
residual denaturant from the bilayer and/or protein core may give rise to the
long-time component in folding kinetics. This finding is discussed in the
context of in vitro mechanisms for membrane protein folding.
185-Symp
Protein Interactions and Transition Times that Influence the Pathogenesis
of Protein Folding Diseases
Santiago Schnell.
University of Michigan Medical School, Ann Arbor, MI, USA.
Protein folding diseases occur when a specific protein fails to fold into its correct
functional state as a consequence ofmutation in the protein amino acid sequence.
In this talk, I present a model of the folded and misfolded protein expression,
processing and their interactions, which we have used to investigate how protein
folding disease phenotypes develop from mutated genotypes. Modeling protein
processing as a continuous flow reactor, we found that the pathogenesis of
protein folding diseases can be modulated by a combination of the transition
time of folded and misfolded proteins in the reactor, the ratio of folded and mis-
folded protein inflow rates in the reactor and a chemical interaction parameter be-
tween folded and misfolded proteins. Our analysis reveals therapeutic strategies
targeting the modulation of protein folding diseases, which have been recently
explored in cellular and animal models of Mutant INS-gene Induced Diabetes
of Youth and Congenital Hypothyroidism with deficient thyroglobulin.
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Post-Translational Modifications Promote Formation of SOD1 Oligomers
with Potential Toxicity in ALS
Nikolay V. Dokholyan, PhD1, Rachel L. Redler2, Elizabeth A. Proctor2,
Feng V. Ding2, Kyle Wilcox2, Michael Caplow2.
1Biochemistry and Biophysics, University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA, 2University of North Carolina at Chapel Hill, Chapel
Hill, NC, USA.
Mutation of the ubiquitous cytosolic enzyme Cu/Zn superoxide dismutase
(SOD1) causes a subset of cases of familial amyotrophic lateral sclerosis
(FALS) through structural destabilization of SOD1, which leads to misfolding
and aggregation. The non-heritable (sporadic) nature of most cases of ALS and
34a Sunday, February 16, 2014the late onset of symptoms, even for patients expressing disease-linked mutant
proteins throughout life, suggest a significant role of environmental factor(s) in
ALS etiology. We have previously found that SOD1 from human tissue is
extensively post-translationally modified, with the most prevalent modifica-
tions being glutathionylation at Cys-111 and phosphorylation at Thr-2. We
further found that glutathionylation significantly destabilizes SOD1WT dimers,
increasing the equilibrium dissociation constant approximately 1,000-fold,
such that its stability is comparable to the A4V FALS-causative mutation.
SOD1A4V is further destabilized by glutathionylation. Using computational
structural modeling, we show that glutathionylation has distinct effects on
different ALS-linked SOD1 mutants, which correspond to changes in compo-
sition of the dimer interface. Glutathionylation also stabilizes an intermediate
misfolded species in which the b-barrel core of each monomer is ‘‘loosened’’.
These findings suggest a mode by which the cellular environment impacts the
propensity of SOD1 to adopt toxic misfolded conformations in ALS.
187-Symp
Cell Stress and Proteostasis Networks in Biology, Aging, and Disease
Richard Morimoto.
Molecular Biosciences, Rice Institute for Biomedical Research,
Northwestern University, Evanston, IL, USA.
The proteostasis network (PN) is comprised of cell stress signaling pathways,
molecular chaperones and clearancemachineries that is central to prevent protein
aggregation, to maintain cellular health, and to ensure organismal longevity.
Under optimal conditions, the PN minimizes the stress of misfolded and
aggregation-prone proteins that arise from genetic polymorphisms, error-prone
synthesis, mutations, stress, and aging. This is achieved by the properties of
the heat shock response, the unfolded protein responses, and antioxidant stress
responses. During aging, the expression of chaperone genes reveal network sig-
natures of repression indicative of imminent proteostasis failure. The subsets of
chaperones that are repressed or activated during aging show similar accelerated
changes in brain tissue from Alzheimer’s, Huntington’s and Parkinson’s disease
patients, of which a sub-set defining a core preventmisfolding and proteotoxicity
of Ab and polyQ expressed in C. elegans. Stress and aging cause fluctuations in
protein quality control that are costly and can disrupt the PN, causing proteome
mismanagement and collateral damage to metastable proteins and amplification
of non-native species. Transmission of the environmental stress signal involves
both intracellular proteotoxicity and cell non-autonomous signaling between
neurons and somatic tissues and between somatic tissues to ensure that cellular
responses to stress are coordinated by transcellular chaperone signaling for
organismal survival. The enhanced risk for misfolding during aging, therefore,
contributes substantially to age-associated diseases including neurodegenera-
tion, cancer, immunological disease, and metabolic disease.Symposium: Celebrating 100 Years of
Crystallography: X-Rays Are Photons Too
188-Symp
Crystallography - Energetically Innovative at 100
Jane S. Richardson.
Duke University, Durham, NC, USA.
The United Nations has proclaimed 2014 as the International Year of Crystal-
lography, ‘‘Considering that the impact of crystallography is present every-
where in our daily lives, in modern drug development, nanotechnology and
biotechnology, and underpins the development of all new materials, from
toothpaste to aeroplane components. Considering also the significance of the
scientific achievements of crystallography, as illustrated by twenty-three Nobel
Prizes awarded in the area, and that crystallography is still fertile ground for
new and promising fundamental research. Considering further that 2014 marks
the centenary of the beginning of modern crystallography, and its identification
as the most powerful tool for structure determination of matter.’’ Having been
in protein crystallography for 50 of those years, I will touch on a few personal-
favorite highlights leading up to the exciting methodologies and spectacular
structure results of the primary talks in this symposium.
189-Symp
Crystal Structures of Activated G-Protein Coupled Receptors
William Weis.
Stanford University School of Medicine, Stanford, CA, USA.
G protein coupled receptors (GPCRs) are seven-helix transmembrane proteins
that constitute the largest family of membrane proteins in the human genome.
GPCRs are responsible for the majority of signal transduction events involving
hormones and neurotransmitters across the cell membrane. Activating ligands
(agonists) promote binding to and nucleotide exchange by a heterotrimericG-protein, which dissociates and interacts with downstream effectors. GPCRs
are highly dynamic structures, and for many years they resisted crystallization
efforts. A number of methods, including protein engineering, lipid-based crys-
tallization, and microfocus x-ray beamlines have enabled the recent explosion
of GPCR structures. The majority of these structures are in the inactive state,
and efforts to obtain an agonist-bound active-state GPCR structure have proven
difficult due to the inherent instability of this state in the absence of a G protein.
I will discuss the strategies that have enabled crystal structure determination of
the b2-adrenergic and M2 muscarinic receptors in their activated states, and
discuss key features of the coupling between agonist binding and conforma-
tional changes that enable interaction with G proteins.
190-Symp
Combining Crystallographic and Structure-Modeling Approaches in
Macromolecular Crystallography
Thomas C. Terwilliger1, Frank DiMaio2, Randy J. Read3, David Baker4,
Axel T. Brunger5, Paul D. Adams6, Pavel V. Afonine7, Li-Wei Hung8.
1Bioscience, Los Alamos National Laboratory, Los Alamos, NM, USA,
2Biochemistry, University of Washington, Seattle, WA, USA, 3Camridge
Institute for Medical Research, Cambridge, United Kingdom, 4Biochemistr,
University of Washington, Seattle, WA, USA, 5Biochemistry and Physics,
Stanford University, Stanford, CA, USA, 6Physical Biosciences Division,
Lawrence Berkeley National Laboratory, Berkeley, CA, USA, 7Division of
Physical Biosciences, Lawrence Berkeley National Laboratory, Berkeley,
CA, USA, 8Physics, Los Alamos National Laboratory, Los Alamos, NM,
USA.
Molecular replacement is a powerful method for determining macromolecular
crystal structures. The method remains limited by the requirement for a tem-
plate structure that is similar to the structure to be determined. Here we describe
two approaches for carrying out molecular replacement with distant homology
models, each approach bringing in new information about the structure to be
determined.
The first approach combines the power of Rosetta structure modeling with
macromolecular structure determination. Rosetta and other tools from the
structure-modeling field have optimized force fields that are focused on obtaining
a physically plausible model. In contrast, crystallographic model-building tools
focus on interpretation of patterns of density in an electron density map. As these
sources of information are nearly orthogonal, putting them together can increase
the range of caseswhere crystal structures ofmacromolecules can be determined.
An easy-to-use tool has been developed in the Phenix crystallographic software
system for carrying out extensive molecular replacement searches followed by
model-building using both Rosetta and crystallographic tools. This mr_rosetta
software is able to find solutions to challengingmolecular replacement problems.
The second approach takes advantage of the observation that many pairs of pro-
teins have local structures that can be superimposed much more closely than
can their complete structures. For example, a b-sheet in one protein may be
locally similar to a sheet in another, but when the two structures are superim-
posed using all atoms, the sheets may be translated relative to each other. We
have developed a method for applying local distortions to a structure (morphing
it) using an electron density map to guide the distortions. This procedure allows
local similarity to be maintained while global structure is changed. We show
that morphing molecular replacement templates after placing them in their
approximate locations in the crystallographic unit cell can greatly improve sub-
sequent model-building.
191-Symp
Structures of the Universal Translator, the Ribosome
Jamie H.D. Cate1,2.
1Departments of Chemistry and Molecular and Cell Biology, University of
California, Berkeley, CA, USA, 2Physical Biosciences Division, Lawrence
Berkeley National Laboratory, Berkeley, CA, USA.
The bacterium Escherichia coli has served for decades as a model for understand-
ing protein biosynthesis. It has therefore been an ideal target for probing the struc-
tural basis for protein synthesis by the ribosome. I will present recent advances in
understanding themechanism of translation revealed by x-ray crystal structures of
the intact E. coli 70S ribosome. I will also present a vision for the future of ribo-
some structural biology, how it can be combined with other biophysical methods
and how it can be used to advance structure-based antibiotic development.
192-Symp
Xfels for Imaging Molecular Dynamics
John Spence.
Physics, Arizona State University, Tempe, AZ, USA.
The recent invention of the hard X-ray laser has created a host of new oppor-
tunities for the study of atomic processes and dynamics in many fields. Since
the Linac Coherent Light Source (LCLS) started operation in late 2009 at
